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AN OVERVIEW OF RESUSPENSION MODELS:
APPLICATION TO LOW LEVEL WASTE MANAGEMENT

J. W. Healy

Los Alamos Scientific Laboratory
P. 0. Box 1663
Los Alamos, New Mexico 87545

ABSTRACT

Resuspension is one of the potential pathways to man for
radioactive or chemical contaminants that are 1n the
biosphere. In waste management, spills or other surface
contamination can serve 1s a ‘source for resuspension during
the operational phase. After the low-level waste disposal
area is closed, radioactive materials can be brought to the
surface by animils or 1insects or, in the Tong termm, the
surface can be removed by erosion. Any of these methods
expose the material to resuspension in the atmosphere.
Intrusion {into the waste mass can produce resuspension of
potential hazard to the intruder. Removal of items from the
waste mass by scavengers or archeologists can result in
potential resuspension exposure to others handling or working
with the object. The ways in which resuspension can occur are
wind resuspension, mechanical resuspension and 1local
resusp2nsion. While methods orf predicting exposure are not
accurate, they include the use of the resuspension factor, the
resuspension rate and mass loading of the air.

INTRODUCTION

Resuspension and 1nhalation of the resuspended material is a
potential pathway whereby radioactive materials can be transferred from
the ground, or other surface, to man. In general, it is of greatest
importance for those radionuclides that are strongly discriminated
against in the food pathway. If the radfonuclides are strongly taken up
by foods, and food from the contaminated area is used, the contribution
to the dose from resuspension and inhalation is usually small.

In this paper, we discuss the application of this pathway to the
menagement of low level wastes and describe briefly some of the methods
of estimating afr concentrations from resuspended wmaterial. More
detailed discussions of the technical details are available in the
literature [1,2].



RESUSPENSION

Before entertaining the question of how resuspension is involved in
low-level waste management, let us consider what resuspension is.
Technically, it is the suspension of a material in a fluid after this
material has once been deposited on a surface from a previous
suspensiorn. Thus, resuspension. This fluid can be either air or water
and resuspension in both car be of importance in analyzing potential
problems from lnw-level wastes. Air suspension is used in estimating
quantities inhaled and water suspension is important in the movement of
radfoactive particles in sireams or other bodies of water. However, for
this discussion, we will confine our attention to the prcblen of
cuspension in air.

It should be appirent that not all sources meet the technical
definition of resuspension given above. For example, i1f a radioactive
material is spilled on the surface or if it moves upward to the surface,
it has not been depozited by a previous suspension and should not really
be considered as resuspersion. However, becauce the mechanisms for
suspensicn are similar regarcless of the method of contamination, it is
convenient to change the definition to include all cases in which the
material becomes airborne frcm the su,face.

It should also bLe made clear that the suspensions that we are
concerned with are not the true colloidal suspensions that the chemists
are used to but, rather. are particles kept 1in suspension by the
turbulent movement of the fluid in which they are carried. Thus, an
aerosol resulting from resuspended materials can contain much larger
particles tnan could be indefinitely suspended in still air. In fact,
those of you who have been caught in sand storms with strong winds will
realize that ierge particles that can sting when they hit can be carried
under conditions of highly turbulent winds.

RESUSFENSION AND LCW-LEVEL WASTES

Now, how does resuspension fit into the analysis of low-level
waste? Obviously, 1f we do cur jobs perfectly 1t will not become a
factor. There are, however, complications such as accidents or spills
that must be considered and accounted for as well as a few potential
complicativns that could arise with the 1long-term behaviour of the
burial grounds.

In figure !, we find an elementary schematic drav’'. _ .0 . "ow ways
that pecplec can be exposed from low Tevel waste operations. A number of
the pathways to man have no connection with resuspension but 1 have
included some of these as dotted ooxes and lines for the sake of
completeness.

The transport accidents and spills can result 1in contaminated
surfaces that can give rise to resuspension and inhalation of
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rad ioactive materials by man. These, however, should be of relatively
minor concern, fram the resuspension point of view, because they are
usually noted and the area cleaned before serious resuspension can
occur. There may be same long-term build-up of activity at places such
as loading docks where the material could be resuspended, but this
problem can be controlled by monitoring. These potential problems are
encountered in the operational phase of the disposal area and can be
handled by "institutional" methods because the workers are already
there.

However, there are 1later opportunities for movement of
redioactivity to surfaces where resuspension could be a factor. Some of
these are shown in Fig. 1. For example, transport of the activity to
the surface by water, ants, burrowing mammals or other means can produce
a source exposed to winds or other disturbances, that could result in
resuspension. The possibility that could expose the largest number of
peopie to sinell quantities starts with transport to an aquifer. The
water from this aquifer cou'd be withdrawn from wells and used for
irrigation, with the radioactive meterials adsorbing on clays or humus
to gradually produce large contaminated areas. If the aquifer empties
into a stream, radioactive materials will cccumulate in sediments which
can be deposited on flood plains or the water can be used for irrigation
with the same recsult as the use of well water. One aspect of
resuspernsion in these cases which leads to the food pathway is the
resuspension and deposition on food plants. Experience with nuclides
that are only poorly taken up by plants indicates that this can be an
important factor.

Another series of pathways involving resuspension occurs in
disposal areas containing long-1ive: radionucl ides. Here we can
posti.late eventual removal of the cover material by erosion, either by
wind or water. When this occurs, wve are left with & conteminited area
to depths of several meters, augmented by surface contamination 1in the
surrounding area cau.:d by the materials removed and carried dowrwind or
downstream. This radioactive meterial can be resuspended by winds or by
mcvement in the area. This is a futuristic scenario depending upon the
particylar site of disposal. With average erosion rates, it could occur
some thousards or tens of thousands of years from now although gully
erosion could occur much faster but on a limited scale. In some areas,
the net erosion pattern ic¢ such that the disposal ‘ea will be simply
buried deeper, but the present tendency to look for «ieas that are "high
and dry" to site dispusal areas could eliminate this possibility because
the high sites with a long distance to the water tab'e are juct those
that will » =~ 1 negative~-gain erosion potential.

The 1intrusion case, 1.e. where an individual digs into an area,
either knowingly or unknowingly, results in resuspension caused by his
activities. In an enclosed space this can result in high concentrations
of dust and associ.ted radiocactive materials with the individual
inhaling these materials. However, this exposure will be 1imited to the



individual or individusls concerned unless contaminated items or
materials are removed and taken to a place where others can be involved.

This ,cecisility brings up the case 1in which an archeologist,
either ema:ieur or professional, investigates these disposal areas for
“treasures” of the past. 01d burial grounds are the source of much of
our knowledge of the prehistoric past and they serve as magnets to draw
those interested in history. We hope that the level o1 knowledge in the
future will be such that proper precautions are taken when this event
do.s occur but this is just the type of point that we cannot assure
without surveillance of disposal areas until the radionuclides have
deccyed. Obviously any contamination on any objects removed could serve
as a source of resuspension and inhalation by any individual who handles
or works with these abjects.

One special case in this category results from the current practice
of using non-degradable plastics to contain the contamination duiing
hand1i~g of the wastec =r route to the disposal area. Current
informuiion gives little reason to believe that these plastics will not
preserve their contents and remein intact urder the conditions of burial
in the soil. This raises the possibility of recovery of such packages
with consecuent exposure when the package is opened.

CLASSES OF RESUSPENSION

We have divided the overall resuspension problem into three classes
defined by both their characteristics and the information needed to
solve them.

The first class is wind resuspension. This occurs when the wind
blowing over a field resusrends particies and moves them dowmwind. Much
is krown about the mechanics of this class through the many studies of
wird erosion of agricultural fields. In essence, there is 1little
suspension of sail particles unless a phenomenon called "saltation"
occurs. Here, pcrticles on the order of 100-200 um in diameter start
rol1ing over the surface and then jump into the air under the pressure
of the winde They, then, trovel forward with the wind, gaining energy
and meanwhiie falling urder the force of gravity, until they impact on
the grourd. This impact dislodges other smaller particles that are
suspended in the air. Such a process will start at the edge of a field
and 1increase 1in intensity downwind until a maximum 1s reached. One
other process for wind resuspension, that has not been well investigated
could result frem the deposition of an aerosol on vegetation.
Presumabiy any of this material that 1is not bound tc the foliage by
adsorption or absorptica could be dislodged by movement of the foliage
irder the action of the wind.

The second class of resuspension 1s that caused by mechanical
disturbance of the soil with the resuspended particles moving domwind
to expose people. ... culd be, for exemple, a farmer plowing a field



or people walking or working and disturbing the soil. The familiar dust
cloud raised by such activities 1in dry weather is a sign of such
resuspension. Here the forces required for resuspension come from the
activity but the movement, once the material is in the air, is dependent
upon the winds. Many such disturbances are point sources at the point
of disturbance rather than a broad area source as with wind
resuspension. Another difference between these two classes is the denth
to which the disturbance reaches. In wind resuspension the depth from
which resuspension can occur is dependent upon the depth reached by the
saltating particle or fairly shallow. In mechanical disturbance the
depth can be inches or even feet depending upon the type of disturbance.
Thus a source at greater depth can be resuspended than occurs with
winds.

The final class is local resuspension. This is the resuspension
leeding to a cloud in the immediate vicinity of an individual causing
the disturbance. It can apply to an individual handling a contaminated
object, to an individual digging a hole in contaminated soil or to the
dust cloud surrounding a farmer plowing a field. Whereas the concern
with the previous two classes was with people downwind from the source
of the resuspension, the concern with this class is with the individual
causing the disturbance.

EVALUATION OF RESUSPENSION

Now that we have pcinted out some of the ways in which the
resuspension pathway to men can be of interest to low-level waste
disposal, how can we evaluate fits seriousness? In other words, if we
can define a source term how can we evaluate the pctential exposure to
man? The only proper answer at this time is that we do it with
considerable uncertainty and with meny assumptions. Unfortunately, the
studies required to better understand these problems and to obtain
adecuate coefficients for use are not well funded.

There are three methods, or models, for estimating resuspensfion:
the resuspension factor, the resuspension rate and the mass loading of
dust in the air.

The resuspension faclor 1s defined as the ratio of the air
concentration resulting from resuspension to the quantity of co:ntaminant
per unit area at the location where the asr sample was taken. Usually,
the air concentratiop is in activity per m and the ground contamination
iglin activity per m". Thus, the units of the resuspension factor are
m -, There are many vélues of the resuspension factor in the literature
because it has been the most widely used method for many years and
measurenents are relatively simple. lypical of these values are those
in a table by Mishina [3.. In this table, the values vary over about 10
order of megnitude. However, closer examination of this table shows
that wénd resuspgnsiqn with freshly deposited material bf in thi ranfe
of 1079 to 2x10°° m™! and for aged deposits from 6x107}0 to 10713 m~I,



Fg mechanical disturbance the range seems to be from 2:(10'6 to 7x10'5
m ~. However , many of these tests were done in arid country and may not
be typical of other areas.

A decrease in the resuspension with time can be expected following
deposition fram the atmosphere. This decrease 1s caused by penetration
of the contaminant into the soil or by other means of fixation, such as
edsorption on large soil particles. Initially, rather rrude
measurements at the Neveda Test Site indicated a decrease with a half
life of about one month [42. However, as irformation has accumulated,
it is apparent that any decrease with time is over a much longer period
of time than one month. Anspaugq4[511has formulated a relation in which
the resuspension is_gpigﬁglly 10 " m " with 2 decrease over a perjod of
severel years to 10 " m ". It should be stressed, however, that siuch a
relation is based upon meager data obtained in only one area. It may
21so be noted that such a decrease with time wiil probably not cccur for
other types of deposition such as 1iquid spills or contaminants brought
to the surface fram a below grade disposal site because these acticns
result in an initial mixing of the contaminant with the soil.

The resuspension factor has conceptual problem; when it is used for
describing wind or mechanical resuspension. For example, it does nct
account for resuspension ihat occurs upwind. It is primarily an
empirical concept with 1ittle hope of eventually describing the
important variables involved ir resuspension. However, from a practical
standpoint, most of the past measurements have been made using this
method of interpretation so that some data are availaeble. The
resuspension factor., or some vaeriation of it, mey also be a 1likely
choice in describing locel resuspension because the receptor and the
source of contamination in the air are at the same place.

The sccond method of describing resuspension is through tne use of
the resuspension rate. The resuspension rate is the fraction of the
contoininont dn the ground the* ic razustarde? per unit time. This rate
describes a source term that can be used with the known correlations for
meterological dispersion to estimate the air concentrations of the
contaminant downwind. There are not meny measuroments o€ the
resuspension rate avaflable. Sehemth[ﬁj using, a nonradioactive
ccntaminant, measured values of 10 to 10 sec for wind
resuspension 1912 lfght]g vegetat.d area. Anspaugh et ail. [7] measured
values of Ixi0 °" to 10 “ for wind resuspension in an area at the Nevidj
Test, Site. For mechanicel resuspension values of 1x10 to 1x10
sec ° for an individual walking in a contaminated asphalt highway have
been inferred [2] from measurements made by Sehmel [8.. For a truck
driving through a tracer Ong 2N asphals highYay Sehmel [9  reports values
equivalent to rates of 10 =~ to 8x1(C™~ sec~ with the resuspension rate
varying with the speed of the vehicle.

The resuspension rate is plagued with the difficulty that too few
measurements have been mede to allow use for types of sofls and in areas
different ithan those in wshich measurements have been made. It also



requires knowledge of the pattern of contamination on or in the soils of
the contaminated area. However, it does provide additional detail on
the meaning of the measurements and, as information increases, may well
be the method of choice for specific areas. It's value in studying the
phenomenori of resuspension is illustrated by the findings in the past
few years that the rate of resuspension increases with the wind speed at
rates[up to the 8th power of the wind speed depending upon the type of
soil [10_.

The third method for calculating resuspension is the mass loading
approach. Here, it 1s assumed that the dust in the air has the same
concentration of contaminants as occurs in the soils. Anspaugh et al.
[11] have collected information from a number of sources and have shown
that reasonable agreement between measured and calculated concentrations
can be had if one assumes, for the galculation, that the concentration
of dust in the air is 100 ug per m”. Since it is doubtful that the
actuel concentration is this high, this finding should be regarded as a
correlation rather than as a true relation between actual dust and
concentration of contaminant.

There are problems with this concept also in that the measured mass
loedirg at a given point ilepends upon the dust which cculd have arisen
from a lerc~ distance upwind and would serve to dilute the dust from the
conteminated area, particularly if the contaminated area is small.
There have also been questions raised as to the source of the dust from
the soil. That is, if the soil contains a large fraction of smaller
particles which contain all of the activity, the concentration in this
fraction is the one that should be used in the calculations. Cne
investigetor [12_ has gone so far as to destroy all of the natural
acgregates in the soil and to use the concentration in the remaining
small particles, which do not exist in nature, as the basis of the
calculation. However, all correction factors suggested for this effect
using the particle size distribution in natural soil hKave been
camparatively small. less than a factor of two. The use of the mass
loeding has certain value, however, particularly in view of the
correlation mentioned earlier. It should be noted that this correlation
was obtained on ambient air with no disturbances in the vicinity. Thus,
if it is to be used, the mass loading should be increased by some factor
to allow for the possibility of mechanical disturbance. We believe that
the mass loeding may be the pest method for generic studies not tied to
a specific site.

DISCUSSION

This has been a very brief discussion of the role of resuspension
in Tow level waste management. Other references are available that will
provide additioral detail [1,23. However, it is apparent that the
information available is not really adequate to do more than make a
crude estimate of the inhealation problem fram any of the three classes
of resuspension. Additional studies, providing both basic



understandings of the mechanisms of wind resuspension and empirical data
tied to specific types of areas and actions are needed to provide data
for better estimates.
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FIGURE LIST

Capt ion

Fig. 1. Schematic drawing of pathways to man from low-level waste
operations. Solid lines are related to resuspension while dotted 1ines
are other pathways.



